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Introduction - Technical Requirements 

This invanfon is concerned with tii#. i l 

3km. "^"^ «>°^o» of buoyancy at depths down to at least : 

In the Offshore Oil Industry it is fr«ii.*«»i. 

- ^ much as 30 tons ^o ie^^^^^ "^-^ to raise or lower hea^^ , 
defective items replaced. At great dSths fliiswT*^"'^^"' *^ installed and : 
C^erated Vehicles (ROVs). whoseS^^cy v^ii''' ^"^^ ^'«^'y 
as discussed below. In the absence ot^^S.^ varied only within nanow limits 
buoyancy, three methods are usS?^ ^ of making major changes to the \ 

1 The ROV manoeuvres verticaUy usins Th^.^ 

inpos*!, weigh. »d ^u,^ wte ?uaL°^ 5« drop, fl,. 
l.m«onsnming and require, a aoodfaZfT « cmnbe^e 

ROV l««P«ific3y«i'^J^^^«f •» «« '"^^ *= 

reqmres a specialised crane bar/eMd L™^ ^ '''^ °°«ly, since it 
A means of vaiying the buoyancy of an Rnv 

I.m.tswouldclearlysimpHfyi,£«o^^^^; °' " over wide 
All the missions outlined in 1 . 3 above f^iu, .i. 

surface with or without a load. It aThJI "'"'^e. The ROV leaves th^ 

Which is at a known dl^ti ^ l^Tas'Si 1 ' toThlirbed 
change buoyancy as retired by it^^nSsS^irLf *eidevic?mS 

another area, or place it in a bLket D^^'S P'*^^ "P «ny « to 
^uaUy stay within 100m of the s.^ beTFL^^^Sff^^' 
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deal of drag, and so they should be kept to a minimum. Buoyancy :controI systems 
which require hoses, etc., from the surface are disadvantageous in thisirespect 

Present State of the Art 

Objects underwater are usually: made buoyant by attaching a flexible envelope to 
them, which is then inflated with gas from the sur&ce. This method is inherently 
uncontrollable, since as the object rises, the pressure decreases, thus allowing the gas 
to expand, further increasing the buoyancy. Several methods of Overcoming this 
defect havelbeen proposed. One common solution is to provide fhei majority of the 
buoyancy ; required by ••Constant Volimie" lifting bags". Unlike the common 
"parachute** lift bags» which have an open bottom, these are totally enclosed. They are 
fblly inflated on the seabed, so tfhzx diey cannot expand fuitfaer; instead, the gas is 
allowed to escape through an ovei^-pressure valve. However, if the assembly is made 
to descend, for any reason, there is no means of replacing the lost gas, so the 
remaining gas is compressed, iihe buoyancy decreases and Oie whole assembly 
descends out of control This defect can be overcome by providing an external supply 
of gas which is metered through a demand valve set to maintain the! pressure within 
the envelope slightly above the local pressure. Thus, when the apparatus descends, the 
gas required to maintain buoyancy is provided by the simply; when it ascends, thci 
excess gas is vented through an over-pressure valve as usual. Several inventors have 
proposed this system in various forms^'^*^^*. although it is seldom used in practice. 

All systems using compressed gas become more difficult as the depth increases. If the 
gas is supplied from the surface,; the hose must be capable of carrying the volume of 
gas required and also of sustaining an internal pressure significantly Igreater than the 
pressure at the operating depth.i The gas can alsd be provided by a high pressure 
cylinder, but at great depths, the volume of the cylinder must be comparable with that 
of the envelope, so the total weight of the system is increased. Cylinders might be 
used for a simple lift, but would need to be very large indeed if delicate buoyancy 
control, involving some loss of gas, is required. Furtheraiore, at very high pressiues, 
common gases no longer obey the simple gas laws, and this fiirther reduces the 
buoyancy that can be achieved with cylinders of compressed gas. For these reasons, 
gas buoyancy is seldom used at depths greater than 50(tai. 

Conventionally, limited buoyancy control can be achieved at very great depths using a 
different system illustrated diagranmfiatically in Figure 1. This is ultimately derived 
from a buoyancy control system used on some early submarines in which a sealed 
piston in the wall of the pressure hull was moved in and out by a screw mechanism. 



- ..5'" H«u yif c^aoie 01 IfeMsting the externa l nr^^.^ u — 
capsule of a manned submersible, contains a flS hi. '"^^^ ^ «ife-support 

similar incompressible liquid; whose voLl.^ **'*- ^""^ oil. Jr a 

internal volume of the pod . the laner is SliAtr^T^^ '"^ *^ ^o'^' 
To increase the buoyancy, the oil in the caDsuf.^? ^ ' ^ ""^^ ^» ^^^^ Pressure. 
, the pod by a pump. S\nust 4abk'o? o J^Z T * '^"^ 
gas pressure m the pod fiJls. but the jmo^l^r^^"!.^* P"^« difference. The! 
therefore the buoyant To f.^v"' ^"^^"^ <'«^i<^«. and 

pump is opeped. allowing the «t«nal pS^to Snv/r"^' * *'^^"S the 
bac. mto the inte^a, capsule; the 

The loveDtioD 



The central feature of this invention is the n • • 

oppose the ambient pressure at the operating S ^.1^ u'T^ cotmterpiessure to • 
Fan ly. it converts the compression su^ on A. p V^'i «»vantages. i 
tension stress which is much easierTS J^ft^Tf^'*^?**^ " ^'S ^^^o 
S«»ndly. it reduces the pressure differen«!?tri? ^ *° stnicunes. 
reducing the power requL to act^ a g "7^^^^ thereby , 

invention, which can be applied in m^v ^IT. f ^^""^^ of buoyancy. This ■ 
discussed below. TTiese ^Tpr^^Tl^^''^' '^^"^'^ by the two systems i 
hmited to these specific embJdimente ^ '**"^'"^'^^'^ 'invention is not ; 



3 



'-Example 1; shown in Figure 2» is functionally equivalent to that^ shown in Figure U 
the only change being to raise the pressure in the "Low Pre^ure Pod*' to 
approximately the ambient pressure at the operating dq)th. However, the Pod must be 
large enough to accommodate the internal capsule; and it would have to have very 
thick walls to withstand the masumum internal pressure on the sur&ce. It is therefore 
preferable to make the pod relatively thin-walled and contain the high pressure gas in 
a separate tank (Q. As the device descends an automatic valve (7) Mlpws gas irom 
this tank to enter the pod, keeping the pressure within the latter approximately equal 
to the external pressure. This supply is shut off when the device reaches its operating 
depth* and thereafter operates in die same way as that shown in Figure 1. As the 
device ascends at the end of its mission, the gas within the pod is allowed to escape 
through a conventional over-pressure valve (8). 



Figure 2 

In order to keq) the high pressure reservoir (6) as small as possible, it is desirable to 
keep the deadispace inside (1) to a minimum. However, as Ms space is reduced, the 
variation in pressure as the capsule (2) is inflated and deflated increases, and this 
increases the power requirements of the pump. All these parameters: must be taken 
into accoimt in optimising the design. 

This system is simple and robust, and the positive-displacement pump; is a significant 
advantage. On the other hand, the need to cany a significant amount of the working 
liquid, and to provide the flexible capsules can cause problems, particularly in the 
larger sizes. These problems can be overcome to some extent by replading the oil with 
water which can be loaded in situ, and sub-dividing the capsules. 
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oSif ^ Jj?*^"^ «Plx:« *e nexible capsules wii i Jxed-voliroe 

chmber. winch can b« panially filled with water lo change ihe bnoyancy Mice 



i. «n b. n»d.:,f WnuJeS ^^S^pl^c'l^'.^i^^ 

and dump valve allow the buovancv to I,* ««J!l7^- example. The pump 

bas could only provide co'^So^cy^fd^^^'^K * "^^'^^ 
used to drive Water into thTS^ralLt^ 

maintained by the control valve Yl sr^S ,S 1 /..f ^ P'*^ differential 

discussed in more detaU betoTlT^ b^L ^^"^ *! « 

activating the PumpT4 . ^ "«c^ b^^^^ " 

into the reservoir (16). t; incrSStitebSvIS TLT f^'T ^ P"^P«J back 

envelope is opened, allowing \^ntem,i?^' """^"^ thelbottom of the 

gas is ?dded froml,e dStl^ ^m^^^^^ the ballast :waten fbrther 

pump (10) is prevented by I l^Z ^T^i^f ^r^''-^'^^^^^ 

provided with an over.presLe valvef^dV t^^J ''"7"^^ ''^^ also 

only be used during the fin^^t ^* '"^''^ ' ^"'^ will 

Helium, or a similar eas. is used at creat rf^ntKe. ^u^^ 

be used in shallow 4er;tioS T^l^^^^s Si^ ^-^ "*^°Scn, can 

high pressure reservo^ (18) throuS TJ^Z (isTJ^^iy ^^.^ ' 
pump (14) can drive gas from the buoy^cTchr^^^^ one-way valve (17). A 

further one-way valve (16) TTie ooZ^^JT^^ ^ the reservoir (10) through a 
cont«,lled by a diffeSj^S ?4t 3^T^^^^ 

between the pressure within (9)^dAee!S!Li^* which monitors the difference 
about 70kPa above the laiJJ If S^s Sff^l^f pressure and maintains the former at 
is operated to drive gas bSc Lto th^T^oir ^^A^ ^ ^'""P 
allowed to escape into (9) through thl v^?5 '^'^^'""'^ «^ 



■BNSOOCID: «QB.:i^.^ a3»1718A_|.i 



The operation of the system is as follows. The device is prepared for a mission by 
pumping a calculated amount of gas into (18). Thel amount of gas is such that when 
the buoyaticy chamber (9) has been filled with gas at a pressure corresponding to the 
operating depth for that mission (i.e. on the bottom, whose depth is known), the 
pressure of the gas remaining in the reservoir (18) will be slightly above that pressure. 
If Vc and V,^ are the volumes of the chamber and the reservoir respectively, and Pq is 
the absolute pressure at the operating depth, then the absolute pressure of gas in the 
reservoir on the surface, required to give Po throughout die whole* sy^em u-ill be 
given by: - 

Ps = Po(l+Vc/Vi) 

This assumes that the processes are isothermal, and the gas behaves as a perfect gas; 
both of these are reasonable assumptions in the particular circumstances. 

Once the device has been set up as described, it is loaded as required: and the ballast 
valve and pump (10) and (1 1) operated to secure the desired rate of descent. During 
this descent, gas is admitted into (9) by the control valve (15) under the control of the 
pr^sure sensor (5), so that the buoyancy chamber is always under a slight positive 
pressure. Once the device has reached the bottom, its buoyancy can be varied to the 
limit of (9) by operating (10) andi (II), while the pressure is maintained in the desired 
band by (15) and (14) under the control of (13). Since the pressures in (9) and (18) 
are very nearly equal at this stage, relatively little energy is required to compress the 
gas back into the reservoir 

When the mission has been complied, the buoyancy is adjusted to ^ve the desired 
rate of ascent, and the device returns to the surface. : As the external pressure falls, the 
pump (14) may not be able to rtcompress the gas into (18), so the lexcess escapes 
through (19). This is of no consequence, since the device can readily be refilled on the 
surface. Thus, no hoses to the surface are required. Unlike a thruster-driven ROV, 
which needs a continuous supply of power to maintain itself at a given depth, ^this 
device requires power only to change its buoyancy, so that on short missions which do 
not require many changes of buoyancy, it will be feasible to supply this power from 
on-board batteries. Ili this case, only die control signals need to be brought from the 
surface, for example through an optical fibre cable. : 

It is clearly desirable to keep the size of the reservoir (18) as small as possible, not 
only to mininiise weight and bulk, but also to make it easier to construct. However, 
the smaller the reservoir, the more rapidly the pressure will rise within it as gas is 
pumped in, and so the more energy is required to achieve a given change in buoyancy. 
The limiting factor is the power available to change buoyancy, coupl^ with the rate 
of change of buoyancy required. 

It uill be seen that this system substitutes tensile stresses in the walls of the reservoir 
(18) for the compression loads :on the pressure-proof pod of a conventioriardeep 
buoyancy-control system. This is much more favourable from the point of view of 
construction, since the risk of buckling is eliminated. This will allow units whose 
buoyancy can: be varied by several tons to be built.. Standard steel gas bottles, with a 
working pressure of 200 Bar can be used dovm to about 1 .5km; at greater depths, 
high performance materials such as titanium, must be used, but the basic principle is 



6 



unchanged. The reservoir (18) can be subdiviH->i -r ^ . 

approach to the design in whi4 &e ow^I h L ™' « 

increasing the rt^^ir ^^t^^^J^f'^T ™" ^^^^^^^ 
also be subdivided so that a l^rgtZ^Z^Jt" ^^r"^ '"i^^^ 
Furthennore. if sections of the bi>yi^y^ha^hJ^nf f^^'^-. standard sub-units.: 
an ROV. it will be possible to^SSi STSS ll^^n ^"^^ 
controlIingtheproportionofthetotalZ>»to^SlL^^ ^"°>^<^ by. 

The maximuin allowable rate of descent of • • 

can be transferred fiom thJr^oS^) ^ S^w ? ™* 

be relatively thin-waUed. so^t U J ^ The latter 4l i 

significantly below the ei^S^^'I^J^^i,'^ >vithin it falls. 

smce excess gas can escaoe Arr^!^^' Problem does not arise during ascenL 

of descent wifbe^S^itTtg S^u'SnT^r* NormaUy'thTSe 

excessively rapid descent a« so pLntial^^^^u^f^ °f an 

emergency back-up system to limit ^^LlT^T T " " P~^**«8 « 

this system involves a >iachute"6f Sma f l ^^'^J of providing 

would be folded inwards^^^L* fljTi ^'^"^ ^""'^ <i«^ce. Hiif 

drag. However, the ^J^ndi^ord^^^'^H'^'"^ ^ " ""l- 

envelope, and the resvAuTlTt^rj^^ ^ ^ould spread out the 

keep the rate of descent ^^LTfor^; "7 "^^'^ 

Bemgmade of fabric. suchadevrcewiraS^tS^fil^^^^ ^^^^ 

References 
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Claims 

I A buoyancy control ^paratus which includes :a gas reservoir whose pressure 
can be set on the surface to coirespond approximately with :the ambient 
pressure at the anticipated operating depth in order to provide a counter- 
pressure to facilitate changes; in buoyancy. 

i. A buoyancy control apparatus as in Claim 1. in which changes in buoyancy^ 
achieved by transferring an incompressible liquid between : closed but 
extensible capsules mside and outside the gas reservom 

i A buoyancy control apparatus as in Claim il. in which the gas used to 
pressurise: the reservoir is transferred between the latter and i an external 
chamber. 

k A buoyancy control apparatus as in Claim 3. in which the external chamber 
has a fixed volume and is provided with means to introduce and expel water to 
change its buoyancy. - „ 

A buoyancy control ^paratus as in Claim 3 in which the transfer of gas 
between the reservoir and the external chamber is automatically controlled to 
maintain the pressure within the latter at or iiear the external pressure. 

K A buoyancy control apparatus, as in any preceding Claim, in which the 
buoyancy chamber is provided with an over-pressure valve. 

^ A buoyancy control apparatus, as in any preceding Claim, in which the 
buoyancy chamber is subdivided into several independently controlled sub- 
chambers, thus allowing the position of the centre of buoyancy, as well as the 
total buoyancy, to be adjusted 

I. A buoyancy control a^aratus, as in any preceding Claim, in which the power 
to operate the pumps. vaT^es and sensors is provided by on-board bktteries. 

K A buoyancy control apparatus, as in any preceding Claim, in which there is 
provided a means of exerting a drag force during the descent to Iprevent the 
speed becoming excessive. 



9 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

/□^ACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR STOES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



SrREFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




